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Fluorescence in situ hybridization technique is very useful for the evaluation of microbial commu-
nities in various environments. It is possible to apply this technique to study the intestinal microflora in white
shrimp (Penaeus vannamei). Different fixatives and storage temperature were tested in this technique. It was
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found that fixation with 10% buffered formalin for 12 hours and changed to 70% ethanol shown positive
results when compared to the fixation with Davidson's fixative or RF fixative. The best signaling was obtained
from the samples which were stored in -20ºC. By using the DNA probe targeted to the Eubacteria domain
(EUB338 probe, 5′ ′ ′ ′ ′-GCT GCC TCC CGT AGG AGT-3′ ′ ′ ′ ′) labeled with fluorescein as a hybridizing probe, it
was found that most intestinal microflora were aggregated with the intestinal contents, or dispersed in the
lumen. There was not evidence of the attachment of the microflora with the intestinal epithelium in this study.
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‡∑§π‘§  FISH  (fluorescence  in  situ  hybridization)  ‡ªìπ‡∑§π‘§∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√»÷°…“™ÿ¡™π
·∫§∑’‡√’¬ ‡π◊ËÕß®“°∑”„Àâ∑√“∫∂÷ß™π‘¥·≈–®”π«π¢Õß®ÿ≈‘π∑√’¬å„π∑’ËÕ¬ŸàÕ“»—¬Õ¬à“ß·∑â®√‘ß ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–
π”‡∑§π‘§π’È¡“ª√–¬ÿ°µå„™â„π°“√»÷°…“∂÷ß™π‘¥·≈–ª√‘¡“≥¢Õß°≈ÿà¡·∫§∑’‡√’¬ª√–®”∂‘Ëπ„π∑“ß‡¥‘πÕ“À“√¢Õß°ÿâß¢“«
®“°°“√∑¥ Õ∫™π‘¥¢ÕßπÈ”¬“√—°…“ ¿“æ µ≈Õ¥®πÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡„π°“√‡°Á∫√—°…“µ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ æ∫«à“°“√
√—°…“ ¿“æ¢Õß‡π◊ÈÕ‡¬◊ËÕ≈”‰ â°ÿâß¢“«¥â«¬πÈ”¬“¥Õß ∫—ø‡øÕ√å øÕ√å¡“≈‘π 10% ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ·≈â«‡ª≈’Ë¬ππÈ”¬“
¥Õß‡ªìπ‡Õ∑“πÕ≈ 70% „Àâº≈„π°“√µ√«® Õ∫‰¥â™—¥‡®π°«à“ °“√‡°Á∫√—°…“µ—«Õ¬à“ß„ππÈ”¬“‡¥«‘¥ —π (Davidson's
fixative) ·≈– RNA friendly fixative ∑—Èßπ’È°“√‡°Á∫√—°…“µ—«Õ¬à“ß≈”‰ â¢Õß°ÿâß¢“«‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -20ºC ‡ªìπ«‘∏’°“√∑’Ë
 “¡“√∂„Àâº≈°“√µ√«® Õ∫∑’Ë™—¥‡®π°«à“°“√‡°Á∫√—°…“µ—«Õ¬à“ß∑’Ë 4ºC ®“°°“√∑¥≈Õß„™â DNA probe EUB338 (5'-
GCT GCC TCC CGT AGG AGT-3') ∑’Ëµ‘¥©≈“°¥â«¬ fluorescein ‡ªìπ probe   ”À√—∫°“√µ√«® Õ∫ æ∫«à“
·∫§∑’‡√’¬‚¥¬ à«π„À≠à„π≈”‰ â¢Õß°ÿâß¢“«‡°“–°≈ÿà¡√«¡Õ¬Ÿà°—∫Õ“À“√∫“ß à«π°√–®“¬Õ¬Ÿà∑—Ë«‰ª„π≈”‰ â  ∑—Èßπ’È‰¡àæ∫
°“√¬÷¥‡°“–°—∫ºπ—ß≈”‰ â‚¥¬µ√ß
ªí®®ÿ∫—π‡∑§π‘§ rRNA approach ´÷ËßÕ“»—¬¢âÕ¡Ÿ≈
®“°¬’π rRNA ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß 16S ·≈– 23S rRNA
¢Õß‚ª√§“√‘‚Õµ (prokaryotes) ‡ªìπ‡∑§π‘§∑’Ë¡’ª√– ‘∑∏‘¿“æ
 Ÿß„π°“√»÷°…“™ÿ¡™π·∫§∑’‡√’¬  ‡∑§π‘§¥—ß°≈à“«πÕ°®“°
®–∑”„Àâ “¡“√∂π—∫ª√‘¡“≥À√◊Õ —¥ à«π¢Õß·∫§∑’‡√’¬‰¥â
·≈â«¬—ß “¡“√∂®”·π°ª√–‡¿∑¢Õß·∫§∑’‡√’¬‰¥â®“°§«“¡
 —¡æ—π∏åµ“¡ “¬«‘«—≤π“°“√ (phylogenetics) „π√–∫∫
π‘‡«»µà“ßÊ ‰¥â (Amann et al., 1995) ‡∑§π‘§ fluores-
cence in situ hybridization (FISH) ‡ªìπ à«πÀπ÷Ëß¢Õß
‡∑§π‘§ rRNA approach ‚¥¬Õ“»—¬¢âÕ¡Ÿ≈®“°∞“π¢âÕ¡Ÿ≈¬’π
rRNA ‡ªìπ®”π«π¡“°∑’Ë “¡“√∂‡¢â“‰ª„™â‰¥âÕ¬à“ß –¥«°
‚¥¬ºà“π√–∫∫‡§√◊Õ¢à“¬§Õ¡æ‘«‡µÕ√å  ‡™àπ  Ribosomal
Database Project  (RDP) ∑’Ë¡’§«“¡∑—π ¡—¬„π°“√ÕÕ°
·∫∫‚Õ≈‘‚°π‘«§≈’‚Õ‰∑¥å‚æ√∫ (oligonucleotide probe)
(Amann et al., 1997) ‚Õ≈‘‚°π‘«§≈’‚Õ‰∑¥å‚æ√∫∑’Ë„™â¡—°®–
‡ªìπ DNA ∑’Ë¡’§«“¡¬“«ª√–¡“≥ 20 π‘«§≈’‚Õ‰∑¥å µ‘¥
©≈“°¥â«¬ “√‡√◊Õß· ß (fluorochrome) ‡√’¬° —ÈπÊ «à“
‚æ√∫¡’§«“¡®”‡æ“–°—∫·∫§∑’‡√’¬µ—Èß·µà√–¥—∫‰ø≈—¡‰ª®π
∂÷ß ªï™’ å ‚¥¬¡’‡ªÑ“À¡“¬Õ¬Ÿà∑’Ë rRNA ´÷Ëß¡’ª√‘¡“≥¡“°§◊Õ
ª√–¡“≥ 1,000 Àπà«¬/‡´≈≈å (Amann et al.,1997) ‡¡◊ËÕ«.  ß¢≈“π§√‘π∑√å «∑∑.
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‚æ√∫®—∫°—∫‡ªÑ“À¡“¬°Á “¡“√∂µ√«® Õ∫‰¥â®“°°“√‡√◊Õß
· ß ¥—ßπ—Èπ°“√»÷°…“π‘‡«»«‘∑¬“¢Õß®ÿ≈‘π∑√’¬å‚¥¬„™â‡∑§π‘§
™’«‚¡‡≈°ÿ≈®–∑”„Àâ∑√“∫∂÷ß™π‘¥·≈–®”π«π¢Õß®ÿ≈‘π∑√’¬å
„π∑’ËÕ¬ŸàÕ“»—¬Õ¬à“ß·∑â®√‘ß  ´÷Ëßªí®®ÿ∫—π‡∑§π‘§ FISH ‡ªìπ
‡∑§π‘§∑’Ë‰¥â√—∫°“√¬Õ¡√—∫·≈–„™â„π°“√»÷°…“®ÿ≈‘π∑√’¬å„π
 ¿“æ·«¥≈âÕ¡µà“ßÊ Õ¬à“ß·æ√àÀ≈“¬ ‡™àπ √–∫∫∫”∫—¥
πÈ”‡ ’¬ µ–°Õπ¥‘π ·À≈àßπÈ”∏√√¡™“µ‘ À√◊Õ»÷°…“®ÿ≈‘π∑√’¬å
∑’ËÕ“»—¬√à«¡°—∫ ‘Ëß¡’™’«‘µÕ◊Ëπ (symbiosis) ‡ªìπµâπ (Amann
et al., 2001; Moter and Gobel, 2000)
ªí®®ÿ∫—π¡’°“√π”‡∑§π‘§ FISH ‰ªª√–¬ÿ°µå„™âµ√«®
 Õ∫·∫§∑’‡√’¬∫π‡π◊ÈÕ‡¬◊ËÕ‚¥¬µ√ß„πß“πÀ≈“¬¥â“π  ‡™àπ
°“√µ√«® Õ∫·∫§∑’‡√’¬ Helicobacter pylori ∑’Ë¥◊ÈÕ¬“„π
°√–‡æ“–Õ“À“√¡πÿ…¬å (Trebesius et al., 2000) ·∫§∑’‡√’¬
Brachyspira (Serpulina) pilosicoli ∑’Ë°àÕ‚√§„π≈Ÿ° ÿ°√
(Jensen et al., 2000) ·∫§∑’‡√’¬∑’Ë°àÕ‚√§ lyme borrelio-
sis  „π‰√´÷Ëß‡ªìπæ“À–π”‚√§‰ª Ÿà —µ«å¡’°√–¥Ÿ° —πÀ≈—ß
(Hammer et al., 2001) ·≈–·∫§∑’‡√’¬„πøÕßπÈ” (Manz
et al., 2000) ‡ªìπµâπ  Õ¬à“ß‰√°Áµ“¡ „πªí®®ÿ∫—π¬—ß‰¡à¡’
√“¬ß“π°“√π”‡Õ“‡∑§π‘§ FISH ¡“„™â„π°“√»÷°…“·∫§-
∑’‡√’¬„π√–∫∫∑“ß‡¥‘πÕ“À“√¢Õß°ÿâß ¡’‡æ’¬ß√“¬ß“π∂÷ß°“√
„™â‡∑§π‘§ FISH  „π°“√µ√«® Õ∫°“√µ‘¥‚√§∑’Ë‡°‘¥®“°
·∫§∑’‡√’¬ necrotizing hepato-pancreatitis bacterium
„π‡´≈≈åµ—∫ÕàÕπ¢Õß°ÿâß¢“«„π À√—∞Õ‡¡√‘°“ (Loy et al.,
1996) °“√»÷°…“§√—Èßπ’È‰¥âæ—≤π“‡∑§π‘§ FISH ‚¥¬°“√„™â
πÈ”¬“¥Õßµ—«Õ¬à“ß·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ ”À√—∫µ√«® Õ∫
·∫§∑’‡√’¬„π∑“ß‡¥‘πÕ“À“√¢Õß°ÿâß¢“«¥â«¬«‘∏’∫¥≈”‰ â ·≈–
°“√µ√«® Õ∫¥â«¬‚æ√∫∫π‡π◊ÈÕ‡¬◊ËÕ°ÿâß¢“«‚¥¬µ√ß ´÷Ëß®–¡’
ª√–‚¬™πå ”À√—∫°“√»÷°…“®”π«πÀ√◊Õµ√«® Õ∫µ‘¥µ“¡
ª√–™“°√·∫§∑’‡√’¬„π√–∫∫∑“ß‡¥‘πÕ“À“√¢Õß°ÿâß  À√◊Õ
·¡â·µà°“√µ√«® Õ∫µ‘¥µ“¡·∫§∑’‡√’¬∑’Ë π„®„π∑“ß‡¥‘π
Õ“À“√°ÿâß ‡™àπ ‚ª√‰∫‚Õµ‘° ‡ªìπµâπ  À√◊ÕÕ“®®–ª√–¬ÿ°µå
„™â‚æ√∫∑’Ë®”‡æ–‡®“–®ß°—∫™π‘¥¢Õß·∫§∑’‡√’¬∑’Ë π„®„π
°“√»÷°…“§√—ÈßµàÕ‰ª
Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
°“√‡µ√’¬¡ —µ«å∑¥≈Õß
°ÿâß¢“« ”À√—∫°“√∑¥≈Õßπ”¡“®“°ø“√å¡‡°…µ√°√
®—ßÀ«—¥ªíµµ“π’ πÈ”Àπ—°‡©≈’Ë¬ 9.29±0.42 °√—¡ ®”π«π 60
µ—«  ‡ªìπ°ÿâßª°µ‘‰¡à· ¥ßÕ“°“√¢Õß‚√§∑’Ë‡°‘¥®“°‡™◊ÈÕ
·∫§∑’‡√’¬∑’Ë°àÕ„Àâ‡°‘¥‚√§‡√◊Õß· ß  µ√«®‚¥¬«‘∏’‡æ“–‡≈’È¬ß
‡™◊ÈÕ ·≈–‰«√—  Taura syndrome virus (TSV) µ√«®‚¥¬
«‘∏’∑“ß™’«‚¡‡≈°ÿ≈ π”°ÿâß¢“«¡“‡≈’È¬ß„π∫àÕ´‘‡¡πµå¢π“¥ 5
µ—π „ÀâÕ“°“»µ≈Õ¥‡«≈“ √–¥—∫§«“¡‡§Á¡¢ÕßπÈ” 15  à«π
„πæ—π à«π „ÀâÕ“À“√ ”‡√Á®√Ÿª«—π≈– 4 §√—Èß ‡ªìπ‡«≈“ 7 «—π
°“√‡µ√’¬¡µ—«Õ¬à“ß≈”‰ â∫¥
‡µ√’¬¡µ—«Õ¬à“ß°ÿâß¢“«‚¥¬√—°…“ ¿“æ„ππÈ”¬“¥Õß
3 ™ÿ¥ §◊Õ ™ÿ¥∑’Ë 1 °ÿâß¢“« ®”π«π 20 µ—« ¥Õß„ππÈ”¬“
øÕ√å¡“≈‘π 10% ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ·≈â«¬â“¬‰ª‡°Á∫„π
‡Õ∑“πÕ≈ 70%  ™ÿ¥∑’Ë 2 °ÿâß¢“« ®”π«π 20 µ—« ¥Õß„π
πÈ”¬“‡¥«‘¥ —π (Davidson's fixative) ´÷Ëß‡ªìππÈ”¬“∑’Ë„π
°“√»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“ (Humason, 1972) ‡ªìπ‡«≈“
12 ™—Ë«‚¡ß ·≈â«¬â“¬‰ª‡°Á∫„π‡Õ∑“πÕ≈ 70% ·≈–™ÿ¥∑’Ë 3
°ÿâß¢“«®”π«π  20 µ—« ¥Õß„ππÈ”¬“ RNA friendly fix-
ative (Hasson et al., 1997) ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ·≈â«
‡ª≈’Ë¬ππÈ”¬“¥Õß‡ªìπ‡Õ∑“πÕ≈ 70% ‚¥¬·µà≈–™ÿ¥·¬°
‡°Á∫√—°…“µ—«Õ¬à“ß°ÿâß¢“«®”π«π 10 µ—«∑’ËÕÿ≥À¿Ÿ¡‘ -20°C
·≈–®”π«π 10 µ—« ‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4°C À≈—ß®“°π—Èπ
πÌ“µ—«Õ¬à“ß°ÿâß¢“«®”π«π 5 µ—« ®“°·µà≈–™ÿ¥ ¿“æ°“√
‡°Á∫√—°…“¡“‡≈“–‡©æ“– à«π≈”‰ â π”¡“∫¥„Àâ≈–‡Õ’¬¥¥â«¬
«‘∏’°“√ª≈Õ¥‡™◊ÈÕ‚¥¬„™â‚°√àß¢π“¥‡≈Á°  ‡°≈’Ë¬µ—«Õ¬à“ß≈”‰ â
°ÿâß¢“«∫¥≈ß∫π ‰≈¥å∑’Ë‡§≈◊Õ∫‡®≈≈“µ‘π 1%  ∑‘Èß„Àâ·Àâß
π”‰ª¥÷ßπÈ”ÕÕ°®“°‡´≈≈å (dehydrate) ¥â«¬‡Õ∑“πÕ≈
80% ·≈– 100% §«“¡‡¢â¡¢âπ≈– 1 §√—ÈßÊ 3 π“∑’ µ“¡
≈”¥—∫ ·≈â«∑‘Èß„Àâ·Àâß π”‰ªµ√«® Õ∫¥â«¬‡∑§π‘§ FISH
°“√‡µ√’¬¡µ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ
‡µ√’¬¡µ—«Õ¬à“ß°ÿâß¢“«®”π«π 5 µ—« ®“°·µà≈–™ÿ¥∑’Ë
‡°Á∫√—°…“„ππÈ”¬“¥Õßµà“ßÊ  §◊Õ  πÈ”¬“øÕ√å¡“≈‘π 10%
πÈ”¬“‡¥«‘¥ —π (Davidson's fixative) ·≈–πÈ”¬“ RNA
friendly fixative  ∑—Èß∑’ËÕÿ≥À¿Ÿ¡‘ -20°C  ·≈–∑’ËÕÿ≥À¿Ÿ¡‘
4°C π”¡“‡≈“–‡©æ“– à«π≈”‰ âÕÕ°¡“ ·≈â«π”‰ª¥÷ßπÈ”
ÕÕ°®“°‡´≈≈å    ‚¥¬π”µ—«Õ¬à“ß≈”‰ â„ à„πµ≈—∫„ à‡π◊ÈÕ‡¬◊ËÕ
(cassette) ·≈â«·™à„π‡Õ∑“πÕ≈‡¢â¡¢âπ 70%, 80% ·≈–
100% §«“¡‡¢â¡¢âπ≈– 1 §√—ÈßÊ 3 π“∑’ µ“¡≈”¥—∫ ·™à„πSongklanakarin J. Sci. Technol.
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‰´≈’π (xylene)  2 §√—ÈßÊ ≈– 5 π“∑’  ·≈–æ“√“æ≈“ ∑å
(paraplast) 2 §√—ÈßÊ ≈– 5 π“∑’ π”µ—«Õ¬à“ß∑’Ëºà“π¢—ÈπµÕπ
°“√¥÷ßπÈ”ÕÕ°®“°‡´≈≈åΩíß‡π◊ÈÕ‡¬◊ËÕ¥â«¬æ“√“æ≈“ ∑å
(embed) ‚¥¬„ à„π embedding glasses ·≈â«π”‰ª«“ß‰«â
∫π‡§√◊ËÕß„Àâ§«“¡‡¬Áπ (cooling) „Àâæ“√“æ≈“ ∑å·¢Áßµ—«
π”‰ªµ—¥¥â«¬‡§√◊ËÕßµ—¥‡π◊ÈÕ‡¬◊ËÕ‰¡‚§√‚µ¡·∫∫ rotary
microtome „Àâ‰¥â§«“¡Àπ“ª√–¡“≥ 3-5 ‰¡§√Õπ π”‰ª
≈Õ¬„πÕà“ßπÈ”Õÿàπ∑’Ë¡’Õÿ≥À¿Ÿ¡‘ 45-50°C „™â·ºàπ ‰≈¥åµ—°
µ—«Õ¬à“ß∑’Ë≈Õ¬Õ¬Ÿà„ππÈ”°≈—Ëπº ¡‡®≈“µ‘π∑’ËÕÿ≥À¿Ÿ¡‘  45-
50° C ¢÷Èπ¡“ π”‰ªÕ∫∑’Ë 45°C ‡ªìπ‡«≈“¢â“¡§◊π (¥—¥·ª≈ß
®“° Loy et al., 1996) π”·ºàπ ‰≈¥åµ—«Õ¬à“ßºà“π¢—ÈπµÕπ
°“√π”æ“√“æ≈“ ∑åÕÕ°®“°‡π◊ÈÕ‡¬◊ËÕ (deparaplast) ‚¥¬
°“√·™à„π‰´≈’π 2 §√—ÈßÊ ≈– 3 π“∑’ ‰Õ‚´‚æ√æ‘≈ ·Õ≈-
°ÕŒÕ≈å 1 §√—Èß ‡ªìπ‡«≈“ 30 «‘π“∑’ ·≈–‡Õ∑“πÕ≈ 100%
1 §√—Èß ‡ªìπ‡«≈“ 3 π“∑’ µ“¡≈”¥—∫ À≈—ß®“°π—Èππ”·ºàπ
 ‰≈¥å∑’Ëºà“π¢—ÈπµÕπ°“√π”æ“√“æ≈“ ∑åÕÕ°®“°‡π◊ÈÕ‡¬◊ËÕ
(deparaplast) ‰ªµ√«® Õ∫¥â«¬‡∑§π‘§ FISH
‡∑§π‘§ FISH
∑”°“√ hybridization µ“¡«‘∏’°“√∑’Ë¥—¥·ª≈ß®“°
Amann (1995) ‚¥¬∫à¡µ—«Õ¬à“ß°—∫‚æ√∫ EUB338 ∑’Ë¡’
≈”¥—∫π‘«§≈’‚Õ‰∑¥å§◊Õ 5′-GCT GCC TCC CGT AGG
AGT-3′ ∑’Ë®”‡æ“–°—∫·∫§∑’‡√’¬∑ÿ°™π‘¥ (domain bacteria)
(Amann et al., 1990) µ‘¥©≈“°‚æ√∫¥â«¬ “√‡√◊Õß· ß
 ’‡¢’¬« (fluorescein) ‚¥¬‚æ√∫¡’§«“¡‡¢â¡¢âπ 25 ng/µl
„π hybridization buffer (NaCl 0.9 M, Tris/HCl 20
mM, SDS 0.01%, formamide 20%) π”µ—«Õ¬à“ß°—∫
‚æ√∫∫à¡„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (TECHNE, Hybridizer
HB-1D) ∑’ËÕÿ≥À¿Ÿ¡‘ 46°C „π ¿“æ∑’Ë‡µÁ¡‰ª¥â«¬‰Õ¢Õß
hybridization buffer ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß ≈â“ß¥â«¬ wash-
ing  buffer  (Tris/HCl  20  mM,  SDS  0.01%,  NaCl
0.225 M) 1 §√—Èß ∑’ËÕÿ≥À¿Ÿ¡‘ 48°C ‡ªìπ‡«≈“ 15 π“∑’
À¬¥¥â«¬ anti-fading solution (p-phenylenediamine
0.1%  „π “√≈–≈“¬º ¡¢Õß  NaCO3  °—∫  glycerol)
≈ß∫π ‰≈¥å ‡æ◊ËÕ™–≈Õ°“√®“ßÀ“¬¢Õß “√‡√◊Õß· ß ·≈â«
®÷ßªî¥¥â«¬ coverglass  °àÕππ”‰ªµ√«® Õ∫¥â«¬°≈âÕß
®ÿ≈∑√√»πå epifluorescence (Olympus, BX51) ·≈–∂à“¬
¿“æ¥â«¬°≈âÕß cooled CCD (Olympus, DP50)
º≈°“√∑¥≈Õß
°“√µ√«® Õ∫·∫§∑’‡√’¬„π∑“ß‡¥‘πÕ“À“√°ÿâß¢“«¥â«¬
‡∑§π‘§ FISH ‚¥¬„™â«‘∏’∫¥≈”‰ â
°“√µ√«® Õ∫®ÿ≈‘π∑√’¬å„π√–∫∫∑“ß‡¥‘πÕ“À“√¢Õß
°ÿâß¢“«¥â«¬‡∑§π‘§ FISH  ‚¥¬„™â«‘∏’∫¥≈”‰ â∑’Ëºà“π°“√
√—°…“ ¿“æ¥â«¬πÈ”¬“¥Õß™π‘¥µà“ßÊ §◊Õ πÈ”¬“øÕ√å¡“≈‘π
10%  πÈ”¬“‡¥«‘¥ —π (Davidson's fixative) ·≈–πÈ”¬“
RNA friendly fixative æ∫«à“ “¡“√∂µ√«® Õ∫·∫§∑’‡√’¬
„π∑“ß‡¥‘πÕ“À“√°ÿâß¢“«¥â«¬‡∑§π‘§ FISH „π≈”‰ â∑’Ëºà“π
°“√√—°…“ ¿“æ¥â«¬πÈ”¬“øÕ√å¡“≈‘π 10% ·µà‰¡à “¡“√∂
µ√«® Õ∫·∫§∑’‡√’¬„π∑“ß‡¥‘πÕ“À“√°ÿâß¢“«¥â«¬‡∑§π‘§
FISH  „π≈”‰ â∑’Ëºà“π°“√√—°…“ ¿“æ¥â«¬πÈ”¬“‡¥«‘¥ —π
(Davidson's fixative) ·≈–πÈ”¬“ RNA friendly fixative
‡π◊ÈÕ‡¬◊ËÕ≈”‰ â¢Õß°ÿâß¢“«∑’Ëºà“π°“√√—°…“ ¿“æ¥â«¬
πÈ”¬“øÕ√å¡“≈‘π 10% µ√«® Õ∫¥â«¬‡∑§π‘§ FISH ‚¥¬
‰¡à‡µ‘¡‚æ√∫ EUB338 ®÷ß‰¡à¡’°“√‡√◊Õß· ß¢Õß®ÿ≈‘π∑√’¬å
∑’ËÕ¬Ÿà„π‡π◊ÈÕ‡¬◊ËÕ≈”‰ â¢Õß°ÿâß¢“« ·µàæ∫«à“¡’°“√‡√◊Õß· ß¢Õß
«—µ∂ÿÀ√◊Õ‡»…Õ“À“√µà“ßÊ  „πµ—«Õ¬à“ß‡°‘¥¢÷Èπ (Figure 1)
 à«πµ—«Õ¬à“ß≈”‰ â¢Õß°ÿâß¢“«∑’Ëºà“π°“√√—°…“ ¿“æ¥â«¬
πÈ”¬“øÕ√å¡“≈‘π 10% ·≈â«‡ª≈’Ë¬ππÈ”¬“¥Õß‡ªìπ‡Õ∑“πÕ≈
70% ∑—Èß∑’ËÕÿ≥À¿Ÿ¡‘ -20°C ·≈– 4°C π”‰ª hybridization
¥â«¬‚æ√∫ EUB338  ´÷Ëß¡’§«“¡®”‡æ“–°—∫·∫§∑’‡√’¬∑ÿ°
™π‘¥ (domain bacteria) (Amann et al., 1990) æ∫
·∫§∑’‡√’¬‡√◊Õß· ß„πµ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ≈”‰ â¢Õß°ÿâß¢“« ‚¥¬
·∫§∑’‡√’¬¡’°“√‡°“–√«¡°—π‡ªìπ°≈ÿà¡Õ¬Ÿà°—∫°âÕπ¢ÕßÕ“À“√
(Figure 2 ·≈– 3)
°“√µ√«® Õ∫·∫§∑’‡√’¬„π∑“ß‡¥‘πÕ“À“√°ÿâß¢“«¥â«¬
‡∑§π‘§ FISH ∫π‡π◊ÈÕ‡¬◊ËÕ
°“√„™âπÈ”¬“‡¥«‘¥ —π  (Davidson's fixative)
(Humason, 1972) ·≈– RNA friendly fixative (Hasson
et al., 1997) ¥Õßµ—«Õ¬à“ß°ÿâß¢“«‡æ◊ËÕπ”¡“‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕ
‚¥¬ºà“π°√–∫«π°“√∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“ ·≈â«π”‰ªµ√«® Õ∫
¥â«¬‡∑§π‘§ FISH æ∫«à“‰¡à “¡“√∂µ√«®æ∫·∫§∑’‡√’¬
„πµ—«Õ¬à“ß≈”‰ â°ÿâß¢“«‰¥â‡≈¬    ·µà‡¡◊ËÕ‡ª≈’Ë¬ππÈ”¬“‡ªìπ
øÕ√å¡“≈‘π 10% ·≈â«π”¡“µ—¥‡π◊ÈÕ‡¬◊ËÕ‚¥¬ºà“π°√–∫«π°“√
∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“  ∑’Ë¥—¥·ª≈ß®“°«‘∏’°“√‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕ°ÿâß«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
°“√„™â‡∑§π‘§ FISH ‡æ◊ËÕ»÷°…“°≈ÿà¡®ÿ≈‘π∑√’¬å
∫ÿ≠°Õ∫  «‘√‘¬æß»å ÿ∏’ ·≈–§≥– 279
Figures 1-6. Epifluorescence micrographs of microbial communities (arrow) detected by
FISH and the EUB 338 fluorescein-labeled gene probe. 1. Crushed intestine
tissue of white shrimp hybridized by hybridization buffer with non EUB 338
fluorescein-labeled gene probe (Negative control). 2. Bacterial colonization on
food bolus in the midgut (arrow), as detected by FISH technique and the EUB
338 fluorescein-labeled gene probe (crushed intestine tissue fixed and stored at
-20°C probe). 3. Crushed intestine tissue fixed and stored at 4°C. 4. Intestine
tissue of white shrimp hybridized by hybridization buffer with non EUB 338
fluorescein-labeled gene probe (negative control). 5. Tissue sample fixed and
stored at -20°C. 6. Tissue sample fixed and stored at 4°C. Bar, 5 µm.Songklanakarin J. Sci. Technol.
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FISH technique for studying the microbial communities
Viriyapongsutee, B., et al.
‡æ◊ËÕ∑” in situ hybridization ‚¥¬∑—Ë«‰ª ´÷Ëßµ—¥‡π◊ÈÕ‡¬◊ËÕ
¥â«¬‡§√◊ËÕß‰¡‚§√‚µ¡·∫∫ rotary microtome „Àâ‰¥â§«“¡
Àπ“ª√–¡“≥ 3-5 ‰¡§√Õπ ·≈â« hybridization ¥â«¬
‚æ√∫ EUB338 ∑’Ë®”‡æ“–°—∫·∫§∑’‡√’¬∑ÿ°™π‘¥ (domain
bacteria) æ∫«à“ “¡“√∂µ√«® Õ∫·∫§∑’‡√’¬‰¥â‚¥¬¡Õß
‡ÀÁπ‡´≈≈å‡√◊Õß· ß ’‡¢’¬«¢÷Èπ¡“   ”À√—∫‡π◊ÈÕ‡¬◊ËÕ≈”‰ â¢Õß
°ÿâß¢“«∑’Ëºà“π°“√√—°…“ ¿“æ¥â«¬πÈ”¬“øÕ√å¡“≈‘π 10%
µ√«® Õ∫¥â«¬‡∑§π‘§ FISH ‚¥¬‰¡à‡µ‘¡‚æ√∫ EUB338
®÷ß‰¡à¡’°“√‡√◊Õß· ß¢Õß‡´≈≈å·∫§∑’‡√’¬‡°‘¥¢÷Èπ·µàÕ¬à“ß„¥
(Figure 4)     à«π‡π◊ÈÕ‡¬◊ËÕ≈”‰ â°ÿâß¢“«∑’Ë√—°…“ ¿“æ„π
øÕ√å¡“≈‘π 10%  ·≈â«‡ª≈’Ë¬π‡ªìπ‡Õ∑“πÕ≈ 70%  ‡°Á∫
√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -20°C π”‰ªµ√«® Õ∫¥â«¬‡∑§π‘§ FISH
 “¡“√∂µ√«®æ∫°“√‡√◊Õß· ß ’‡¢’¬«¢Õß‡´≈≈å·∫§∑’‡√’¬
‡°“–°≈ÿà¡√«¡Õ¬Ÿà°—∫Õ“À“√  ·≈–∫“ß à«π°√–®“¬Õ¬Ÿà∑—Ë«‰ª„π
≈”‰ â  ∑—Èßπ’È‰¡àæ∫°“√¬÷¥‡°“–°—∫ºπ—ß≈”‰ â‚¥¬µ√ß (Figure
5)  „π¢≥–∑’Ë‡π◊ÈÕ‡¬◊ËÕ≈”‰ â°ÿâß¢“«∑’Ë√—°…“ ¿“æ∑’ËÕÿ≥À¿Ÿ¡‘
4°C  °Á “¡“√∂æ∫°“√‡√◊Õß· ß¢Õß‡´≈≈å·∫§∑’‡√’¬‰¥â
‡™àπ°—π  ·µà®“°°“√ —ß‡°µ‚§√ß √â“ß¢Õß‡π◊ÈÕ‡¬◊ËÕ≈”‰ â°ÿâß¢“«
æ∫«à“µ—«Õ¬à“ß∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -20°C ¡’‚§√ß √â“ß
¢Õß‡π◊ÈÕ‡¬◊ËÕ∫ÿº‘«≈”‰ â∑’Ë ¡∫Ÿ√≥å·≈–§ß ¿“æ‰¥â¥’°«à“°“√
‡°Á∫√—°…“µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘ 4°C (Figure 6)
 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
®“°º≈°“√∑¥≈Õßæ∫«à“°“√ª√– ∫§«“¡ ”‡√Á®„π
°“√µ√«® Õ∫·∫§∑’‡√’¬¥â«¬‡∑§π‘§ FISH ‚¥¬°“√∫¥
≈”‰ â·≈–°“√µ—¥‡π◊ÈÕ‡¬◊ËÕ≈”‰ â¢Õß°ÿâß¢“«  ∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫
ªí®®—¬∑’Ë ”§—≠§◊Õ  πÈ”¬“¥Õßµ—«Õ¬à“ß·≈–Õÿ≥À¿Ÿ¡‘∑’Ë¡’§«“¡
‡À¡“– ¡„π°“√‡°Á∫√—°…“µ—«Õ¬à“ß≈”‰ â ∑’Ë®–∑”„Àâ‡π◊ÈÕ‡¬◊ËÕ
≈”‰ â¢Õß°ÿâß¢“«¡’‚§√ß √â“ß¢Õß‡π◊ÈÕ‡¬◊ËÕ∫ÿº‘«≈”‰ â∑’Ë ¡∫Ÿ√≥å
§ß ¿“æ‰¥â¥’ ·≈–√—°…“‡ªÑ“À¡“¬¢Õß‚æ√∫§◊Õ 16S rRNA
¿“¬„π‡´≈≈å·∫§∑’‡√’¬‰«â‰¡à„Àâ∂Ÿ°∑”≈“¬  ·∫§∑’‡√’¬∑’Ë¡’Õ¬Ÿà
„π≈”‰ â¢Õß°ÿâß¢“«∑’Ëµ√«®æ∫¡—°‡°“–√«¡°—π‡ªìπ°≈ÿà¡Õ¬Ÿà
°—∫°âÕπ¢ÕßÕ“À“√ ∑—Èß¬—ß¡’ª√‘¡“≥∑’ËÀπ“·πàπ ∫“ß à«π°Á
°√–®“¬Õ¬Ÿà∑—Ë«‰ª„π∫√‘‡«≥∑’Ë¡’Õ“À“√    ´÷Ëß Õ¥§≈âÕß°—∫
Thimm ·≈– Tebbe (2003) ∑’Ë„™â‡∑§π‘§ FISH ‚¥¬„™â
‚æ√∫ EUB338  ∑’Ë¡’§«“¡®”‡æ“–°—∫ 16S rRNA  ¢Õß
·∫§∑’‡√’¬  »÷°…“°“√‡°“–µ‘¥¢Õß·∫§∑’‡√’¬∑’Ë¡’Õ¬Ÿà„π≈”‰ â
·≈–‡π◊ÈÕ‡¬◊ËÕ¢Õß Folsomia candida (Collembola) ´÷Ëß
Õ¬Ÿà„π‰ø≈—¡Õ“√å‚∑√æÕ¥
°“√„™âπÈ”¬“¥Õßµ—«Õ¬à“ß Ÿµ√¥—Èß‡¥‘¡∑’Ë„™â„π°“√
‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕ°ÿâß¢“«  ”À√—∫‡∑§π‘§ in situ hybridiza-
tion §◊ÕπÈ”¬“‡¥«‘¥ —π (Davidson's fixative) ∑’Ë„™â»÷°…“
∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“‚¥¬∑—Ë«‰ª æ∫«à“‰¡àª√– ∫§«“¡ ”‡√Á®„π
°“√µ√«® Õ∫·∫§∑’‡√’¬¥â«¬‡∑§π‘§ FISH  ∫π‡π◊ÈÕ‡¬◊ËÕ
≈”‰ â°ÿâß¢“« ‡π◊ËÕß®“°πÈ”¬“¥—ß°≈à“«¡’§«“¡‡ªìπ°√¥ Ÿß (§à“
§«“¡‡ªìπ°√¥-¥à“ßª√–¡“≥ 3.5-4.0) ¡’º≈„ÀâÕ“√å‡ÕÁπ‡Õ
 ≈“¬‰¥â  ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßÀ“°¡’°“√‡°Á∫µ—«Õ¬à“ß‰«â‡ªìπ
‡«≈“π“πÊ (Hasson et al., 1997) ‡™àπ‡¥’¬«°—π°—∫°“√
∑¥≈Õß¥â«¬πÈ”¬“∑’Ë¡’°“√ª√—∫„Àâ‡À¡“– ¡µàÕ°“√√—°…“ RNA
„πµ—«Õ¬à“ß‰«â§◊Õ RNA friendly fixative ´÷Ëß¡’§à“§«“¡
‡ªìπ°√¥-¥à“ß  ª√–¡“≥  6.0-7.0  °Áæ∫«à“πÈ”¬“  RNA
friendly fixative ‰¡à “¡“√∂™à«¬„Àâµ√«® Õ∫·∫§∑’‡√’¬
∫π‡π◊ÈÕ‡¬◊ËÕ≈”‰ â°ÿâß¢“«¥â«¬‡∑§π‘§ FISH ‰¥â‡™àπ°—π ∑—Èßπ’È
 “‡ÀµÿÕ“®®–‡π◊ËÕß¡“®“°§«“¡‡¢â¡¢âπ¢ÕßøÕ√å¡“≈‘π„π
πÈ”¬“ RNA friendly fixative  Ÿß‡°‘π‰ª§◊Õ ¡’øÕ√å¡“≈‘π
‡ªìπ à«πª√–°Õ∫∂÷ß 34.9%   „π¢≥–∑’ËπÈ”¬“‡¥«‘¥ —π
(Davidson's fixative) ¡’øÕ√å¡“≈‘π 22% ´÷Ëß®“°º≈°“√
∑”‡∑§π‘§ FISH  °—∫‡™◊ÈÕ·∫§∑’‡√’¬∫√‘ ÿ∑∏‘Ï∑’Ë√–¥—∫§«“¡
‡¢â¡¢âπ¢ÕßøÕ√å¡“≈‘π·µ°µà“ß°—π  æ∫«à“À“°‡æ‘Ë¡§«“¡
‡¢â¡¢âπ¢ÕßøÕ√å¡“≈‘π¡“°‡°‘π 10% ‡ªìπµâπ‰ª ®–∑”„Àâ
 —¥ à«π¢Õß®”π«π‡´≈≈å·∫§∑’‡√’¬∑’Ë‡√◊Õß· ß≈¥≈ß  ‚¥¬∑’Ë
¬—ß¡Õß‡ÀÁπ‡´≈≈å‡À≈à“π—ÈπÕ¬Ÿà·µà‡´≈≈å‰¡à¡’°“√‡√◊Õß· ß (º≈
°“√∑¥≈Õß‰¡à‰¥â· ¥ß)  ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“øÕ√å¡“≈‘π∑’Ë
§«“¡‡¢â¡¢âπ ŸßÕ“®®–∑”≈“¬‡ªÑ“À¡“¬¢Õß‚æ√∫‰¥â ·µà„π
¢≥–‡¥’¬«°—π À“°≈¥§«“¡‡¢â¡¢âπ¢ÕßøÕ√å¡“≈‘πµË”‡°‘π‰ª
‡¡◊ËÕπ”‰ª¥Õß‡π◊ÈÕ‡¬◊ËÕ°ÿâß°Á®–∑”„Àâ‡π◊ÈÕ‡¬◊ËÕ°ÿâß‡ªóòÕ¬¬ÿà¬  ‰¡à
 “¡“√∂§ß ¿“æ‰¥â ¥—ßπ—Èπ°“√„™âπÈ”¬“¥Õß‡ªìπøÕ√å¡“≈‘π
10% π—Èπ æ∫«à“¡’§«“¡‡À¡“– ¡∑’Ë®–√—°…“ ¿“æ‡π◊ÈÕ‡¬◊ËÕ
°ÿâß„Àâ§ß ¿“æ‰¥â¥’  ·≈–√—°…“‡ªÑ“À¡“¬ ”À√—∫‚æ√∫∑’Ë®–
‡¢â“‰ª ®—∫„π‡´≈≈å¢Õß·∫§∑’‡√’¬§◊Õ 16S rRNA ‡Õ“‰«â‰¥â
¥—ßπ—Èπ°“√‡≈◊Õ°πÈ”¬“ ”À√—∫¥Õßµ—«Õ¬à“ß®÷ß¡’§«“¡ ”§—≠
‡ªìπ≈”¥—∫·√° ´÷ËßµâÕß¡’§«“¡‡À¡“– ¡∑’Ë®–√—°…“ ¿“æ∑—Èß
‡π◊ÈÕ‡¬◊ËÕ°ÿâß·≈–‡ªÑ“À¡“¬¢Õß‚æ√∫´÷Ëß°Á§◊Õ  Õ“√å‡ÕÁπ‡Õ„π
‡´≈≈å·∫§∑’‡√’¬¥â«¬
πÕ°®“°π’È°“√‡≈◊Õ°„™â‚æ√∫∑’Ëµ‘¥©≈“°¥â«¬ “√«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 (©∫—∫æ‘‡»… 1) 2548: «“√‘™»“ µ√å
°“√„™â‡∑§π‘§ FISH ‡æ◊ËÕ»÷°…“°≈ÿà¡®ÿ≈‘π∑√’¬å
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‡√◊Õß· ß fluorescein  (¥Ÿ¥°≈◊π· ß™à«ß§«“¡¬“«§≈◊Ëπ
ª√–¡“≥ 492 π“‚π‡¡µ√) æ∫«à“ “¡“√∂™à«¬≈¥°“√‡°‘¥
autofluorescence  ¢Õßµ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ∑’Ëµ√«® Õ∫¥â«¬
‡∑§π‘§ FISH ‰¥â¥’ À“°„™â‚æ√∫∑’Ëµ‘¥©≈“°¥â«¬ “√‡√◊Õß
· ß„π°≈ÿà¡¢Õß rhodamine ∑’Ë¡’§à“§«“¡¬“«§≈◊Ëπ¢Õß°“√
∂Ÿ°°√–µÿâπ¥â«¬· ß™à«ßª√–¡“≥ 557 π“‚π‡¡µ√ À√◊Õ Cy3
´÷Ëß¡’™à«ß§«“¡¬“«§≈◊Ëπ¢Õß°“√∂Ÿ°°√–µÿâπ¥â«¬· ßª√–¡“≥
550 π“‚π‡¡µ√ (Moter and Gobel, 2000) ®–∑”„Àâ‡°‘¥
°“√ autofluorescence ¢÷Èπ‰¥â¡“° ‡π◊ËÕß®“°™à«ß§«“¡¬“«
§≈◊Ëπ∑’Ë„™â„π°“√°√–µÿâπ∑—Èß Cy3 ·≈– rhodamine Õ“®®–
‰ª™à«¬°√–µÿâπ„Àâ«—µ∂ÿµà“ßÊ  „π≈”‰ â¢Õß°ÿâß‡°‘¥ auto-
fluorescence ¥—ßπ—Èπ®÷ß§«√‡≈◊Õ°™π‘¥¢Õß “√‡√◊Õß· ß„Àâ
‡À¡“– ¡°—∫µ—«Õ¬à“ß∑’Ë®–∑”°“√µ√«® Õ∫
πÕ°®“°π’È·≈â«  °“√»÷°…“§√—Èßπ’È¬—ßæ∫«à“  ‡¡◊ËÕπ”
µ—«Õ¬à“ß∑’Ëµ—¥‡π◊ÈÕ‡¬◊ËÕ¥â«¬§«“¡Àπ“ª√–¡“≥ 3-5 ‰¡§√Õπ
‰ªµ√«® Õ∫¥â«¬°≈âÕß®ÿ≈∑√√»πå epifluorescence ∑”„Àâ
‡°‘¥°“√À≈ÿ¥®“°®ÿ¥‚ø°— ¢Õßµ—«Õ¬à“ß ´÷Ëß‡ªìπ¢âÕ®”°—¥¢Õß
°≈âÕß epifluorescence ·∫∫∏√√¡¥“∑’Ë‰¡à “¡“√∂µ√«®
 Õ∫µ—«Õ¬à“ß∑’Ë¡’§«“¡Àπ“‰¥â    ªí≠À“¥—ß°≈à“«π’È “¡“√∂
·°â‰¢‰¥â‚¥¬°“√„™â°≈âÕß®ÿ≈∑√√»πå∑’Ë¡’§«“¡ “¡“√∂„π°“√
µ√«® Õ∫°“√‡√◊Õß· ß¢Õß«—µ∂ÿ∑’Ë¡’§«“¡Àπ“ ´÷Ëß®–∑”„Àâ
 “¡“√∂µ√«® Õ∫°“√‡√◊Õß· ß¢Õßµ—«Õ¬à“ß∑’Ë¡’§«“¡Àπ“
µ“¡√–¥—∫§«“¡≈÷°µ“¡∑’ËµâÕß°“√‰¥â  µ—«Õ¬à“ß‡™àπ  °≈âÕß
confocal  laser  scanning  microscope  (CLSM)
(Trebesius et al., 2000)
®“°º≈°“√∑¥≈Õßπ’È ™’È„Àâ‡ÀÁπ«à“  “¡“√∂∑’Ë®–π”
‡Õ“‡∑§π‘§ FISH ¡“ª√–¬ÿ°µå„™â„π°“√µ√«® Õ∫·∫§∑’‡√’¬
„π≈”‰ â¢Õß°ÿâß¢“«„π‡™‘ß§ÿ≥¿“æ  ´÷Ëß®–‡ªìπª√–‚¬™πåµàÕ
°“√π”‰ª»÷°…“·∫§∑’‡√’¬µà“ßÊ ∑’Ë π„®¥â«¬‚æ√∫∑’Ë¡’§«“¡
®”‡æ“–°—∫·∫§∑’‡√’¬„π≈”‰ â¢Õß°ÿâß‰¥â
°‘µµ‘°√√¡ª√–°“»
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 —µ«åπÈ”  §≥–∑√—æ¬“°√∏√√¡™“µ‘  ¡À“«‘∑¬“≈—¬ ß¢≈“-
π§√‘π∑√å ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå‡§√◊ËÕß¡◊ÕÕÿª°√≥å  ·≈–
 ∂“π∑’Ë„π°“√∑”«‘®—¬
‡Õ° “√Õâ“ßÕ‘ß
Amann, R.I.  1995.  In situ identification of micro-
organism by whole cell hybridization with rRNA-
targeted nucleic probe. In: A.D.C.AK-kermans
(J.D.van Elsas, and F.J.de Bruijn eds). Molecular
Microbial Ecology Manual. Kluwer Academic
Publishers, Dordrecht.
Amann, R.I., Binder, B.J., Olson, R.J., Chisholm, S.W.,
Devereux, R. and Stahl, D.A. 1990. Combination
of 16S rRNA-targeted oligonucleotide probes
with  flow  cytometry  for  analyzing  mixed
microbial populations. Appl. Environ. Microbiol.
56: 1919-1925.
Amann, R.I., Fuchs, B.M. and Behrens, S. 2001. The
identification of microorganisms by fluorescence
in situ hybridization. Curr. Opin. Biotechnol.
12: 231-236.
Amann, R.I., Gl˙˙ ockner, F.O. and Neef, A. 1997. Modern
methods  in  subsurface  microbiology:  in  situ
identification of microorganisms with nucleic
acid probes. FEMS Microbiol. Rev. 20: 191-200.
Amann, R.I., Ludwig, W. and Schleifer, K.H. 1995.
Phylogenetic identification and in situ detection
of  individual  microbial  cells  without  cultiva-
tion. FEMS Microbiol. Rev. 59: 143-169.
Hammer, B., Moter, A., Kahl, O., Alberti, G., Gobel,
U.B. 2001. Visualization of Borrelia burgdorferi
sensu lato by fluorescence in situ hybridization
(FISH) on whole-body sections of Ixodes ricinus
ticks and gerbil skin biopsies.  Microbiology.
147: 1425-1436.
Hasson, K.H., Hasson, J., Aubert, H. and Redman, R.M.
1997. A new RNA-friendly for the preservation
of  penaeid  shrimp  samples  for  virological
detection using cDNA genomic probes. J. Virol.
Methods. 66: 227-236.
Humason, G.L. 1972. Animal Tissue Techniques. 3rd
ed. W.H. Freeman, San Francisco, CA.
Jensen, T.K., Moller, K., Boye, M., Leser, T.D. and
Jorsal, S.E. 2000. Scanning electron microscopy
and fluorescent in situ hybridization of experi-
mental  Brachyspira  (Serpulina)  pilosicoli  in-
fection in growing pigs. Vet. Pathol. 37: 22-32.
Loy, J.K., Dewhirst, F.E., Weber, W. and Frelier, P.
1996. Molecular phylogeny and in situ detection
of  the  etiologic  agent  of  necrotizing  hepato-Songklanakarin J. Sci. Technol.
Vol. 27 (Suppl. 1), 2005: Aquatic Science 282
FISH technique for studying the microbial communities
Viriyapongsutee, B., et al.
pancreatitis in shrimp. Appl. Environ. Microbiol.
62: 3439-3445.
Manz, W., Arp, G., Schumann-Kindel, G., Szewzyk, V.
and Reitner, J. 2000. Widefield deconvolution
epifluorescence  microscopy  combined  with
fluorescent in situ hybridization to show the
spatial arrangement of bacteria in sponge tissue.
J. of Microbiol. Methods. 40: 125-134.
Moter, A. and Gobel, U.B. 2000. Fluorescence in situ
hybridization (FISH) for direct visualization of
microorganisms. J. of Microbiol. Methods. 41:
85-112.
Thimm, T. and Tebbe, C.C. 2003. Protocol for rapid
fluorescence in situ hybridisation of bacteria in
cryosection of microarthopods. Appl. Environ.
Microbiol. 69: 2875-2878.
Trebesius, K., Panthel, K., Strobel, S., Vogt, K., Faller,
G., Kirchner, T., Kist, M., Heesemann, J. and
Haas, R. 2000. Rapid and specific detection of
Helicobacter  pylori  macrolide  resistance  in
gastric tissue by fluorescent in situ hybridiza-
tion. Gut. 46: 608-614.